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1
SIGNAL-TRACKING RF BANDSTOP FILTER

FIELD OF THE DISCLOSURE

This disclosure relates to filters, including bandstop fil- >
ters.

BACKGROUND

In electronic circuit systems, unwanted signals can lower !°
the dynamic range of a system or damage 1t if the power
level 1s high enough. Bandstop filters can be used (e.g., 1n
radio frequency (RF) and microwave systems) to reject
unwanted signals from entering a receiver or leaving a
transmitter. For example, bandstop filters can be used in RF
and microwave systems to remove unwanted signals over a
specific frequency range while passing signals with frequen-
cies that fall outside of that range. These unwanted signals
can originate from co-site or externally generated interfer- ,,
ence as well as nonlinear components under high-power
excitation 1n the system.

Bandstop filters used 1n RF/microwave systems can be
made tunable to excise unwanted signals at specific frequen-
cies. Precise center-frequency tuning requires significant 25
digital processing and adds delay. Conventional devices
have high response time, complexity, size, weight, compu-
tation power, and cost. Further, conventional devices require
a system to analyze a spectrum, compute an 1deal filter
frequency, and tune a filter with dedicated control signals. 30
Additionally, conventional devices require temperature and

vibration compensation, which adds significant overhead to
the recerver.

15

BRIEF DESCRIPTION OF THE 35
DRAWINGS/FIGURES

The accompanying drawings, which are incorporated in
and constitute part of the specification, illustrate embodi-
ments of the disclosure and, together with the general 40
description given above and the detailed descriptions of
embodiments given below, serve to explain the principles of
the present disclosure. In the drawings:

FIG. 1A 1s a diagram of an exemplary bandstop filter in
accordance with an embodiment of the present disclosure; 45
FIG. 1B 1s a diagram showing exemplary sensor
responses of the bandstop filter of FIG. 1A 1n accordance

with an embodiment of the present disclosure;

FIG. 2A 1s a diagram of a self-tuning bandstop {ilter in
accordance with an embodiment of the present disclosure. 50
FIG. 2 includes an analog control circuit;

FIG. 2B 1s a diagram showing measurements of the
self-tuning bandstop filter of FIG. 2A 1n accordance with an
embodiment of the present disclosure;

FIG. 3 1s a diagram of an exemplary self-tuning bandstop 55
filter 1n accordance with an embodiment of the present
disclosure; and

FIG. 4 1s a flowchart of an exemplary method for creating
a self-tuning bandstop {filter 1n accordance with an embodi-
ment of the present disclosure. 60

Features and advantages of the present disclosure will
become more apparent from the detailled description set
torth below when taken 1n conjunction with the drawings, 1n
which like reference characters 1dentify corresponding ele-
ments throughout. In the drawings, like reference numbers 65
generally indicate identical, functionally similar, and/or
structurally similar elements. The drawing in which an

2

clement first appears 1s indicated by the leftmost digit(s) 1n
the corresponding reference number.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a thorough understanding of the disclo-
sure. However, 1t will be apparent to those skilled 1n the art
that the disclosure, including structures, systems, and meth-
ods, may be practiced without these specific details. The
description and representation herein are the common means
used by those experienced or skilled in the art to most
cllectively convey the substance of their work to others
skilled 1n the art. In other instances, well-known methods,
procedures, components, and circuitry have not been
described in detail to avoid unnecessarily obscuring aspects
of the disclosure.

References 1n the specification to “one embodiment,” “an
embodiment,” “an exemplary embodiment,” etc., indicate
that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment
may not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular
feature, structure, or characteristic 1s described 1n connection
with an embodiment, 1t 1s submitted that 1t 1s within the
knowledge of one skilled 1n the art to aflect such feature,
structure, or characteristic in connection with other embodi-
ments whether or not explicitly described.

For purposes of this discussion, the term “module” shall
be understood to include one of software, or firmware, or
hardware (such as circuits, microchips, processors, or
devices, or any combination thereol), or any combination
thereof. In addition, 1t will be understood that each module
can include one, or more than one, component within an
actual device, and each component that forms a part of the
described module can function either cooperatively or inde-
pendently of any other component forming a part of the
module. Conversely, multiple modules described herein can
represent a single component within an actual device. Fur-
ther, components within a module can be 1n a single device
or distributed among multiple devices 1n a wired or wireless
mannet.

1. Overview

Embodiments of the present disclosure provide systems
and methods for implementing bandstop filters (e.g., RF/mi-
crowave bandstop filters) that can automatically tune to a
frequency of an interfering signal. In an embodiment, an
automated control circuit can direct a filter to signals above
a predefined power threshold. Embodiments of the present
disclosure provide automatically tunable signal-tracking
bandstop filters with a significant reduction in response time,
complexity, size, weight, and cost when compared to con-
ventional devices. Embodiments of the present disclosure
remove the need for actively controlling a tunable bandstop
filter with system computational resources, reducing the
latency, power and processing capability required for an
adaptable system. For example, a bandstop filter 1n accor-
dance with an embodiment of the present disclosure can
automatically track a signal over a 20% bandwidth and
provide more than 40 dB attenuation.

A tunable bandstop filter in accordance with an embodi-
ment of the present disclosure can automatically follow a
target signal without computation requirements, human
operators, or system control signals. Embodiments of the
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present disclosure can decrease the response time of recon-
figurable bandstop filters by integrating their control into the
RF circuitry instead of using digital control, which induces
lag time.

Because 1t 1s diflicult to accurately control tunable filters,
tunable filters have not been used 1n many practical systems.
Embodiments of the present disclosure address this problem
by enabling bandstop filters to be tuned by signals that they
are intended to reject, allowing the bandstop filters to be
tuned more easily. Applications that cannot tolerate the time
delay or computational overhead associated with conven-
tional filters can benefit from the faster, more independent
filters enabled by embodiments of the present disclosure.

Embodiments of the present disclosure provide systems
and methods for designing sensors (e.g., using signal-sens-
ing analog electronics in an embodiment) mto RE/micro-
wave lilters and for tuning the RF/microwave filters based
on the outputs of these sensors. Embodiments of the present
disclosure include bandstop filter topology that incorporates
sensing locations 1n the circuit with a frequency response
that 1s constant regardless of how much the filter 1s attenu-
ating a desired signal.

2. Exemplary Bandstop Filter

FIG. 1A 1s a diagram of an exemplary bandstop filter in
accordance with an embodiment of the present disclosure.
FIG. 1A shows a Bridged-T filter topology with detectors
110 (e.g., detector diodes) weakly coupled to two resonators
104. For example, 1n an embodiment, this weak coupling can
involve placing detectors 110 close enough to resonators 104
such that detectors 110 can sense power (e.g., through air
between detectors 110 and resonators 104) from resonators
104 and generate a voltage based on this sensed power. For
example, 1n an embodiment, detectors 110 are placed close
enough to resonators 104 such that detectors 110 sense 0.1%
of the power (and/or voltage) generated by resonators 104.
In an embodiment, weak coupling can also be obtained by

inserting a circuit element, such as an inductor or capacitor,
between a resonator (e.g., resonator 104a) and detector (e.g.,
detector 110a).

In FIG. 1A, resonators 104 are coupled through a through
line with an mput at port 1 102a¢ and an output 1s at port 2
1026. In the topology of FIG. 1A, resonators 104 are
coupled via couplings 108a, 1085, and 108¢ separated by
phase shifts 106a and 106b. In FIG. 1A, detector 110a 1s
weakly coupled to resonator 1044, via coupling 1124, at port
3 114a. Detector 1106 1s weakly coupled to resonator 1045,
via coupling 1126, at port 4 114b6. In an embodiment,
detectors 110 are co-designed into the filter of FIG. 1A 1n
such a way as to provide a Irequency-selective voltage
response to high-power signals. While detectors 110 are
shown 1n FIG. 1A, 1t should be understood that a variety of
detector devices can be used 1n accordance with embodi-
ments of the present disclosure.

In an embodiment, under the following conditions a
bandstop response 1s obtained between ports 1 and 2:

(1)

2op + K%CGt(Q{] + 1)
2

and

B, = —
K% — Qtr_lgb (2)

B =-—
: D
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where B, and B, are susceptance values for the resonators
and m,, 1s the desired bandstop center frequency for the
filter. The transier function can be represented as:

Si, = e 2% (p = jeow)* (5)
(K + (1= p(p— joe)KE+ 1+ Hp+ (1= o)
4(0_} — {U[}b)4 (4)

where p represents a complex frequency variable for radian
frequency (e.g., jm, sometimes represented as s). The trans-
fer functions between the mput and the two detectors can be
given by:

5ol = 4K{K3 ; (3)
T T KT KD+ Mo —wom B
(2K35 + K7) +4{w — wog )
Sl = - AK{K3 (6)

(2K5 + Kf) + Hw — wog)?

where o,., and w,., are the center frequencies of the sensor
responses:

(7)

K% (8)

2
(Wosy = — D — KICDDQ() = {ogp + 5

FIG. 1B 1s a diagram showing exemplary sensor
responses of the bandstop filter of FIG. 1A 1n accordance
with an embodiment of the present disclosure. Specifically,
FIG. 1B shows calculated allpass 116 (1.e., the uppermost
dotted line 1n FIG. 1130 and bandstop (1.e., the solid line 1n
FIG. 1B) response. FIG. 1B shows a sensor response S5, 120
for detector 110a (i.e. Sensor 1) between port 3 114a and
input port 1 102a. FIG. 1B further shows a sensor response
S, 122 for detector 1105 (1.e. Sensor 2) between port 4 1145
and input port 1 102a.

In FIG. 1B, the arrow 124 indicates where the sensor
responses for sensor 1 120, with a peak at w,.,, and sensor
2 122, with a peak at o, , overlap, which 1n turn coincides
with the center frequency m,, of the bandstop response.
Note that equation (5) and equation (6) are only equal at

frequency m,,, the bandstop center frequency. Assuming a
single interferer, the output voltages of detector 110 will be
equal when the interferer frequency equals m,,; if the
interferer frequency 1s below w,,, then the sensor 1 voltage
120 will be greater than the sensor 2 voltage 122, and vice
versa 1f the interferer frequency 1s above m,,.

3. Exemplary Seli-Tuning Bandstop Filter

FIG. 2A 1s a diagram of a self-tuning bandstop filter in
accordance with an embodiment of the present disclosure. In
an embodiment, the relationship between output voltages of
detector 110 and interferer frequency (e.g., the output volt-
ages ol detector 110 are equal when the interferer frequency
equals m,,) can be used to implement a self-tuning bandstop
filter using a simple analog control circuit, as shown 1n FIG.

2A.
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FIG. 2A adds an analog control circuit to the circuit of
FIG. 1A. In an embodiment, detectors 110 generate voltages

V., 202aq and V_, 202b based on power sensed from reso-
nators 104 via their weak couplings to resonators 104. In an
embodiment, the analog control circuit added in FIG. 2A
automatically minimizes a difference between voltages V
202aq and V _, 2025 by tuning resonators 104 of the filter. In
an embodiment, resonators 104 are designed to provide high
attenuation at the center frequency of the tracked signal
when the difference between tracked voltage 1s minimized
by the analog control circuit of FIG. 2A.

In FIG. 2A, voltages V_, 202a and V _, 2025 generated by
detectors 110a and 1105, respectively, are fed mnto a com-
parator 204, which outputs either a positive or a negative
voltage depending on the relative values ol V_, 202¢ and V ,
202b6. In FIG. 2A, the output of comparator 204 drives an
integrator 206 that increases or decreases 1ts output voltage
V, 208, depending on the sign of the output voltage from
comparator 204. In FIG. 2A, V, 208 1s added to the tuning
bias voltage of a tuner 210 that controls the tuning of both
resonators 104a and 1045. In an embodiment, when V
202a and V_, 202b are equal, the center frequency of the
filter of FIG. 2A 1s tuned to the interferer frequency, and V,,
208 1s held constant.

For example, 1n an embodiment, when a change in V, 208
1s added to the tuning bias voltage of tuner 210, the
capacitance of the capacitors 1n the resonators 1s altered
because some or all of these capacitances are in the form of
varactors or other switchable/tunable devices. This changes
the resonant frequency of the resonators and therefore shifts
the center frequency of the bandstop response. In an embodi-
ment, since detectors 110 are co-designed with the resona-
tors, the sensor response shifts in frequency with the band-
stop response. When the sensor responses are equal, V, 208
remains constant, locking the bandstop and sensor responses
to the frequency of the interferer until the mterferer either
moves 1n {requency (inducing a change 1n V), disappears,
or 1s superseded by a more-powertul interfering signal.

The bandstop filter topology of FIG. 1A enables a band-
stop response and provides filter-state-independent sensor
locations 1n the circuit of FIG. 1A. Voltages V_, 202q and
V_, 20256 from detectors 110a and 1105, respectively, pro-
vide a way to tune the filter’s resonators 104 either up or
down 1n frequency to track an interfering signal. The addi-
tional control electronics added 1n FIG. 2A to the circuit of
FIG. 1A direct resonators 104 to provide high attenuation at
the frequency of a target (interfering) signal.

FIG. 2B 1s a diagram showing measurements of the
self-tuning bandstop filter of FIG. 2A 1n accordance with an
embodiment of the present disclosure. Specifically, FIG. 2B
shows measured small-signal insertion loss as a 0 dBm
interferer 1s tuned from 251 MHz to 304 MHz and the
spectrum of the tuned interferer. In FI1G. 2B, the only thing
that was adjusted 1n these measurements was the frequency
of the 0 dBm interferer, and the filter was tuned automati-
cally. In FIG. 2B, the notch 3 dB bandwidth ranges from 18
MHz at the lowest center frequency to 14.5 MHz at the
highest center frequency.

4. Designing a Self-Tuning Bandstop Filter

While the control circuitry of FIG. 2A 1s shown added to
the Bridged-T filter topology of FIG. 1A in FIG. 2A, it
should be understood that control circuitry can be used to
tune a variety ol bandstop filter topologies in accordance
with embodiment of the present disclosure. For example, in
an embodiment elements 110, 204, 206, and 210 can be
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added to a bandstop filter with a different topology to
provide a tunable bandstop filter in accordance with an
embodiment of the present disclosure. Further, 1t should be
understood that other control circuit elements (e.g., other
than elements 110, 204, 206, and 210) can be used to tune
resonators 104 (or other resonators in a different bandstop
filter topology) 1n accordance with embodiments of the
present disclosure. For example, 1n an embodiment, detec-
tors 110 may not be diodes but may be some other type of
pOWer Sensor.

FIG. 3 1s a diagram of an exemplary self-tuning bandstop
filter 1n accordance with an embodiment of the present
disclosure. FIG. 3 includes a bandstop filter 302 having at
least two resonators 304 having susceptance values B1 306qa
and B2 3065. In an embodiment, bandstop filter 302 further

includes additional resonators with additional susceptance
values. Bandstop filter 302 can be implemented using a
variety of filter topologies that have at least two resonators
306. In FIG. 3, resonator 1 304a 1s shown coupled to
resonator 2 3045. This coupling can be direct or indirect in
accordance with embodiments of the present disclosure. For
example, 1n an embodiment, bandstop filter 302 1ncludes
other circuitry elements between resonators 304.

In FIG. 3, bandstop filter 302 1s coupled to a control
circuit (1.e., elements 308, 204, 206, and 210) to make
bandstop filter 302 self-tunable. Resonator 1 3044 1s weakly
coupled to detector D1 3084, and resonator 2 3045H 1s weakly
coupled to detector 308b. Detectors 308 can be detector
diodes (e.g., as shown in FIGS. 1A and 2A) or some other
kind of detector 1n accordance with embodiments of the
present disclosure. In an embodiment, 1f bandstop filter 302
includes additional resonators, the control circuit can
include additional detectors. For example, 1n an embodi-
ment, bandstop filter 302 includes a third resonator weakly
coupled to a third detector.

In an embodiment, detectors 308 sense power from reso-
nators 304 via their weak coupling to resonators 304 and
generate direct current (DC) voltages, which are mput to
comparator 204. In an embodiment, 1f the control circuit of
FIG. 3 includes more than two detectors 308, the control
circuit can include additional comparators. In FIG. 3, the
output ol comparator 204 1s mput to mntegrator 206, which
drives integrator 206. Integrator 206 increases or decreases
its output voltage V, 208, depending on the sign of the
output voltage from comparator 204. In FIG. 2A, V, 208 i1s
added to the tuning bias voltage of a tuner 210 that controls
the tuning of resonators 304 of bandstop filter 302.

In an embodiment resonators 304 can be selected and/or
configured based on desired parameters for bandstop filter
302. FIG. 4 1s a flowchart of an exemplary method for
creating a self-tuning bandstop filter in accordance with an
embodiment of the present disclosure. In step 402, a desired
frequency range, bandwidth, and attenuation for a bandstop
filter are determined. For example, in an embodiment,
selecting higher susceptance values 306 for resonators 304
shifts the response of bandstop filter 302 lower 1n frequency,
and selecting lower susceptance values 306 for resonators
304 shiits the response of bandstop filter 302 lower 1n
frequency.

In an embodiment, the difference between susceptance
values 306 can be used to alter the bandwidth of bandstop
filter 302. For example, 1n an embodiment, a larger difler-
ence 1n values between B1 3064 and B2 3065 will increase
the bandwidth of bandstop filter 302, and a smaller differ-
ence 1 values between B1 306a and B2 3065 will decrease

the bandwidth of bandstop filter 302.
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In an embodiment, selecting values for B1 3064 and B2
3060 1mmvolves a tradeofl between the slope of the notch

response (1.e., attenuation) and bandwidth for bandstop filter
302. In an embodiment, the diflerence between susceptance
values 306 can be used to alter the attenuation of bandstop
filter 302. For example, 1n an embodiment, a larger difler-
ence 1n values between B1 306a and B2 3065 will decrease
the attenuation of bandstop filter 302, and a smaller differ-
ence 1n values between B1 306a and B2 3065 will increase
the bandwidth of bandstop filter 302.

In an embodiment, the strength of the coupling between
resonators 304 and detectors 308 can be be so small (e.g.,
approximately 0.1% energy transfer in one embodiment)
that 1t doesn’t have to be considered when picking suscep-
tance 306 or coupling 108. However, 1n an embodiment, 11
an application required that the detectors be more sensitive,
a larger percentage of the energy could need to be coupled
to them, and that could aflect the filter response unless 1t was
accounted for. For example, 1n an embodiment, susceptance
values 306 can also be selected based on other factors such
as the strength of the coupling between resonators 304 and
detectors 308 and/or the specifications of detectors 308 (e.g.,
a power sensitivity of detectors 308—how much power 1s
needed for detectors 308 to sense to be able to generate a
voltage).

In an embodiment, susceptance values 306 can be
selected based on a strength of internal couplings (e.g.,
reactance) between resonators 304 (e.g., based on the
strength of couplings 108 1 FIGS. 1A and 2A). While
determining susceptance values has been discussed above
with reference to the two susceptance values 306 shown in
FI1G. 3, it should be understood that embodiments of the
present disclosure can include determining susceptance val-
ues for additional resonators of bandstop filter 302 (e.g.,
based on the same or similar factors discussed above).

In step 404, resonators are selected with susceptance
values determined based on the desired frequency range,
bandwidth, and attenuation. For example, in an FIG. 3,
resonator 1 304q 1s selected with susceptance B1 3064, and
resonator 2 3045 1s selected with susceptance B2 3065. In
step 406, the resonators are weakly coupled to respective
detectors. For example, 1n FIG. 3, resonators 304 are weakly
coupled to detectors 308. In step 408, a tuning circuit 1s
coupled to the detectors and the resonators. For example, 1n
FIG. 3, elements 204, 206, and 210 are coupled to detectors
308 and resonators 304.

Embodiments of the present disclosure can be imple-
mented using a wide range of technologies, including wave-
oguide, coaxial, Low Temperature Co-Fired Ceramic
(LTCC), etc. Embodiments of the present disclosure can be
implemented using hardware, software, and/or a combina-
tion of hardware and software. Embodiments of the present
disclosure can be implemented on a single device (e.g., on
a single chip) or on multiple devices. Further, embodiments
of the present disclosure can be incorporated into a host
device to provide a tunable bandstop filter for the host
device.

5. Conclusion

It 1s to be appreciated that the Detailed Description, and
not the Abstract, 1s itended to be used to interpret the
claims. The Abstract may set forth one or more but not all
exemplary embodiments of the present disclosure as con-
templated by the mmventor(s), and thus, 1s not intended to
limit the present disclosure and the appended claims in any
way.
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The present disclosure has been described above with the
aid of functional building blocks illustrating the implemen-
tation of specified functions and relationships thereof. The
boundaries of these functional building blocks have been
arbitrarily defined herein for the convenience of the descrip-
tion. Alternate boundaries can be defined so long as the
specified functions and relationships thereof are appropri-
ately performed.

The foregoing description of the specific embodiments
will so fully reveal the general nature of the disclosure that
others can, by applying knowledge within the skill of the art,
readily modity and/or adapt for various applications such
specific embodiments, without undue experimentation,
without departing from the general concept of the present
disclosure. Therefore, such adaptations and modifications
are 1itended to be within the meaning and range of equiva-
lents of the disclosed embodiments, based on the teaching
and guidance presented herein. It 1s to be understood that the
phraseology or terminology herein 1s for the purpose of
description and not of limitation, such that the terminology
or phraseology of the present specification 1s to be inter-
preted by the skilled artisan in light of the teachings and
guidance.

While various embodiments of the present disclosure
have been described above, 1t should be understood that they
have been presented by way of example only, and not
limitation. It will be apparent to persons skilled 1n the
relevant art that various changes in form and detail can be
made therein without departing from the spirit and scope of
the disclosure. Thus, the breadth and scope of the present
disclosure should not be limited by any of the above-
described exemplary embodiments.

What 1s claimed 1s:

1. A bandstop filter, comprising:

a first resonator, coupled to a first detector;

a second resonator, coupled to the first resonator, wherein
the second resonator 1s coupled to a second detector;
and

a control circuit, coupled to the first detector and the
second detector, configured to tune the first resonator
and the second resonator 1n response to detecting a first
change 1n a first voltage at the first detector or a second
change 1n a second voltage at the second detector.

2. The bandstop filter of claim 1, wherein the first reso-
nator 1s weakly coupled to the first detector, and wherein the
second resonator 1s weakly coupled to the second detector.

3. The bandstop filter of claim 1, wherein the first reso-
nator 1s coupled to the second resonator 1n a Bridged-T filter
topology.

4. The bandstop filter of claim 1, wherein the first detector
1s a first detector diode, and wherein the second detector 1s
a second detector diode.

5. The bandstop filter of claim 1, wherein the control
circuit comprises:

a comparator, coupled to the first detector and the second

detector:;

an integrator, coupled to an output of the comparator; and

a tuner, coupled to an output of the integrator, wherein the
tuner 1s configured to tune the first resonator and the
second resonator.

6. The bandstop filter of claim 1, wherein the first detector
and the second detector are configured such that the first
voltage 1s equal to the second voltage when a frequency of
an nterfering signal 1s equal to a desired bandstop center
frequency of the bandstop filter.
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7. The bandstop filter of claim 1, wherein the control
circuit 1s configured to tune the first resonator and the second
resonator to minimize a difference between the first voltage
and the second voltage.

8. The bandstop filter of claim 1, further comprising a

third resonator coupled to the first resonator and the second
resonator.

9. The bandstop filter of claim 8, further comprising a
third detector weakly coupled to the third resonator.

10. The bandstop filter of claim 1, wherein a first suscep-
tance value of the first resonator and a second susceptance
value of the second resonator are selected based on a desired

bandwidth of the bandstop filter.

11. The bandstop filter of claim 1, wherein a first suscep-
tance value of the first resonator and a second susceptance
value of the second resonator are selected based on a desired
attenuation of the bandstop filter.

12. The bandstop filter of claim 1, wherein a first suscep-
tance value of the first resonator and a second susceptance
value of the second resonator are selected based on a desired
frequency range of the bandstop filter.

13. The bandstop filter of claim 1, wherein a {first suscep-
tance value of the first resonator 1s selected based on a

coupling strength between the first resonator and the first
detector.

14. The bandstop filter of claim 1, wherein a first suscep-
tance value of the first resonator 1s selected based on a power
sensitivity of the first detector.

15. The bandstop filter of claim 1, wherein a first suscep-
tance value of the first resonator 1s selected based on a
coupling strength between the first resonator and the second
resonator.
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16. A bandstop filter, comprising:

a first resonator, coupled to a first detector; and

a second resonator, coupled to a second detector, wherein
the first detector and the second detector are configured
such that a first voltage at the first detector 1s equal to
a second voltage at the second detector when a fre-
quency of an interfering signal 1s equal to a desired
bandstop center frequency of the bandstop filter.

17. The bandstop filter of claim 16, wherein the first
detector and the second detector are coupled to a tuning
circuit, and wherein the tuning circuit 1s coupled to the first
resonator and the second resonator.

18. The bandstop filter of claim 17, wherein the tuming
circuit 1s configured to tune the first resonator and the second
resonator 1n response to detecting a first change 1n the first

voltage or a second change 1n the second voltage.
19. A bandstop filter, comprising:
a {irst resonator, weakly coupled to a first detector diode;

a second resonator, coupled to the first resonator, wherein
the second resonator 1s weakly coupled to a second
detector diode:

a comparator, coupled to the first detector diode and the
second detector diode;

an integrator, coupled to an output of the comparator; and

a tuner, coupled to an output of the integrator, wherein the
tuner 1s configured to tune the first resonator and the
second resonator.

20. The bandstop filter of claim 19, wherein the tuner 1s
configured to tune the first resonator and the second reso-
nator in response to detecting a first change 1n a first voltage
at the first detector diode or a second change in a second
voltage at the second detector diode.
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